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Formation of sensory maps within the olfactory bulb depends on insulin-like growth factor (IGF)
signaling. Cao et al. (2011) now show that neuronal IGF secretion is regulated by neural activity
through the calcium sensor synaptotagmin-10 and is required in the olfactory bulb for the
sensation of smell.Recognition of different odors requires
the precise mapping of olfactory sensory
neurons onto spatially invariant glomeruli
within the olfactory bulb. In the glomeruli,
olfactory nerve terminals synapse onto
apical dendrites of large mitral cells that
forward the signal to higher regions of
the brain. Mitral cell activity is itself
modulated by reciprocal dendrodendritic
synapses with small inhibitory granule
cells within the external plexiform layer
(EPL) (Figure 1A) (Sakano, 2010).
Earlier work has demonstrated a crucial
role for insulin-like growth factor (IGF)
signaling for sensory innervation of the
lateral olfactory bulb, where it acts as a
chemoattractant for growth cones of
olfactory neurons (Scolnick et al., 2008).
More generally, IGF signaling is known
to control body weight and growth, cell
proliferation and survival (Beck et al.,
1995), and axon guidance and neuronal
polarity (Sosa et al., 2006). In this issue,
Cao et al. (2011) now report that
secretion of IGF-1 from olfactory bulb
neurons is regulated by neural activity
and depends on the calcium sensor
synaptotagmin-10.
Synaptotagmins (Syts) comprise a
family of transmembrane proteins, many
of which act as calcium sensors (Jahn
et al., 2003; Martens and McMahon,
2008). Syt-1, the best-studied member
of this family, localizes to small synaptic
vesicles and is thought to act as
a calcium sensor that promotes exocytic
membrane fusion during fast evoked
neurotransmission in the brain. Three
close homologs (Syt-2, Syt-7, and Syt-9)
support calcium-triggered synaptic
exocytosis, fusion of neuroendocrine
granules, or lysosomal exocytosis in
nonneuronal cells (Jahn et al., 2003;Martens and McMahon, 2008). However,
the function of the remaining calcium-
sensing Syt isoforms—in particular of
the closely related family members Syt-
3, Syt-5, Syt-6, and Syt-10—remains
unknown.
To address this question, Su¨dhof and
colleagues generated knockout mice
lacking expression of Syt-10, which previ-
ously has been shown to be strongly
expressed within the olfactory bulb.
Mice lacking Syt-10, although viable and
fertile, have difficulty finding hidden
food, indicating a partial malfunction of
the olfactory system. The authors then
demonstrate that the observed behavioral
defects are likely caused by reduced
secretion of IGF-1 from both mitral and
granule cells within the olfactory bulb.
Although the cytoarchitecture of the
olfactory bulb appears normal, synapse
density in the EPL is reduced in the
mutant mice. Furthermore, electrophysio-
logical experiments in slice preparations
reveal a clear decrease in synaptic
strength in the absence of Syt-10, an
observation that was confirmed for both
excitatory and inhibitory transmission in
olfactory bulb neurons in culture. These
changes are paired with decreased
neuronal cell body size and reduced
complexity of the dendritic network that
regulates processing of sensory signals
within the EPL. Interestingly, similar albeit
more dramatic morphological alterations
are seen following impairment of IGF
signaling in mice (Beck et al., 1995).
To clarify whether reduced synaptic
transmission observed in the olfactory
bulb neurons of mice lacking Syt-10 is
due to impaired calcium-dependent exo-
cytosis, the authors compare different
strains of mutant mice and carry outCellrescue experiments with various Syt
isoforms and mutants. These data reveal
distinct, nonoverlapping roles of Syt-1
and Syt-10 isoforms in regulated exocy-
tosis in olfactory bulb neurons
(Figure 1B). For example, Syt-10 null
mice differ from mice lacking Syt-1 with
respect to mini-IPSC frequencies and
their response to hypertonic sucrose,
a measure for readily releasable pool
size. In spite of these differences, Syt-
10, like Syt-1, strictly requires calcium
binding for its function. Syt-10 and Syt-1
therefore likely control distinct forms of
triggered exocytosis in olfactory bulb
neurons. How Syt-10-dependent
secretion relates to other specialized
exocytic pathways in neurons and in
other tissues remains an interesting
subject for future studies.
How does Syt-10 regulate the function
and synaptic connectivity of olfactory
bulb neurons, and how does this relate to
the observed exocytic defects? The
authors test the hypothesis that secretion
of trophic factors regulating neuronal
growth and morphogenesis may depend
on neurotransmission. Chronically si-
lenced olfactory bulb neurons indeed
show morphological alterations similar
to those seen upon loss of Syt-10. Consis-
tent with the role of IGF-1 as the secreted
factor, overexpressed tagged Syt-10 and
IGF-1 colocalize in somatodendritic
vesicle-like organelles, and exogenous
IGF-1 is sufficient to rescue the defects
observed in neurons lacking Syt-10. Syt-
10 therefore appears to act as a calcium
sensor for activity-dependent secretion
of IGF-1 in the olfactory bulb (Figure 1B).
The dramatic difference between
Syt-10 and Syt1 null phenotypes leads to
the conclusion that different forms of145, April 15, 2011 ª2011 Elsevier Inc. 175
Figure 1. Synaptotagmin-10 Regulation of IGF-1 Secretion in Olfactory Bulb Neurons
(A) Organization of the olfactory bulb. Axons of olfactory receptor neurons project onto glomeruli (GL) in the olfactory bulb.Within the external plexiform layer (EPL)
of the bulb, dendrites from large excitatory neurons (mitral cells, MC) form reciprocal dendrodendritic synapses with small inhibitory neurons (granule cells [GC]).
Mitral cells relay sensory signals to higher regions of the brain via the olfactory tract. GCL, granule cell layer; MBL, mitral cell body layer.
(B) Syt-regulated exocytosis pathways in olfactory bulb neurons. Olfactory bulb neurons in addition to the Syt-1 (green)-dependent pathway for exocytosis of
synaptic vesicles at dendrodendritic synapses express a second activity-regulated secretion pathway that operates via Syt-10 (red) as a calcium sensor.
Neuronal activity triggers fast calcium-dependent exocytosis of IGF-1-containing organelles located within the soma area of olfactory bulb neurons, thereby
releasing IGF-1 (orange) to the extracellular space.activity-induced signaling inside of the
brain are differentially controlled by
members of the synaptotagmin family.
Indeed, along with processing and trans-
mission of olfactory inputs (possibly
controlled by Syt1), the olfactory bulb
has to deal with constant renewal of its
granule neurons. Within the hippocam-
pus, where neurogenesis also occurs,
IGF1 has been shown to control synapse
maturation and density (Trejo et al.,
2007), and recent studies on olfactory
bulb neurons indicate a role for IGF
signaling in the patterning of sensory
axon connections (Scolnick et al., 2008).
The integration of newborn granule cells
into the olfactory circuit depends on the
formation of dendrodendritic synapses
with mitral cells (Carleton et al., 2003). It
is therefore tempting to speculate that
the continued stimulus- and Syt-10-
dependent release of IGF1 from mitral
cell neurons is key to the formation of
dendrodendritic synapses between176 Cell 145, April 15, 2011 ª2011 Elsevier Innewborn granule and mitral cell neurons.
Future work will determine where
precisely activity-dependent release of
IGF1 from olfactory bulb neurons occurs
and how this relates to IGF1 gradient
formation necessary to promote axon
outgrowth and synapse formation.
Equally unclear is the nature of the
IGF1-containing organelles and the mo-
lecular composition of the Syt-10-con-
trolled fusion machinery. The comparably
large size of the IGF1-containing organ-
elles suggests either a secretory or an
endolysosomal origin. Calcium-triggered
fusion of endolysosomal organelles medi-
ated by Syt-7 has been observed during
wound healing, a cellular response to
plasma membrane damage in nonneuro-
nal cells (Martens and McMahon, 2008).
A similar mechanism using Syt-10 as a
calcium sensor may operate in olfactory
bulb neurons to secrete IGF1. It will also
be interesting to investigate further the
activity requirements for somatodendriticc.IGF-1 release, which presumably must be
distinct from those for axonal release of
neurotransmitter from synaptic vesicles.
Whereas synaptic vesicles in nerve
terminals fuse rapidly during brief spikes
of calcium influx, dendritic fusion requires
sustained elevation of intracellular
calcium, with the actual fusion event
being partially uncoupled from cell firing
(Kennedy and Ehlers, 2011). This
suggests that a specific dendritic release
apparatus with a distinct sensitivity to
calcium from different sources triggers
fusion of IGF-1-containing organelles and
that Syt-10 may be part of this release
mechanism. The hunt is now on to
identify the remaining parts of this
intriguing machinery.ACKNOWLEDGMENTS
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